
P r e l i m i n a r y  R e p o r t  on  t h e  Second R e s e a r c h  C r u i s e  
  

b y  K a i y o  m a r u  f o r  f i s c a l  1989  
  

R e s e a r c h  on P o l l o c k  S t o c k  i n  t h e  I n t e r n a t i o n a l  W a t e r s  
  

o f  t h e  B e r i n g  S e a  
  

T a k a s h i  S a s a k i  
  

N a t i o n a l  R e s e a r c h  I n s t i t u t e  o f  F a r  S e a s  F i s h e r i e s  
  

F e b r u a r y  1 9 9 0  
  

N a t i o n a l  R e s e a r c h  I n s t i t u t e  o f  F a r  Seas  F i s h e r i e s  
  

F i s h e r i e s  Agency  o f  J a p a n  
  



' 

c o o p -  

p o l l o c k s  

t h e  

2 0 0 -  

p o l l o c k s  

p o l l o c k s  

I n t r o d u c t i o n  

T h i s  i s  a p r e l i m i n a r y  r e p o r t  o n  r e s e a r c h  o n  p o l l o c k  
s t o c k  i n  t h e  i n t e r n a t i o n a l  w a t e r s  o f  t h e  B e r i n g  Sea c o n d u c t 
e d  a s  t h e  S e c o n d  R e s e a r c h  C r u i s e  b y  K a i y o  m a r u  f o r  f i s c a l  
1989. A d d i t i o n s  a n d  m o d i f i c a t i o n s  w e r e  made t o  t h e  p r o m p t  
r e p o r t  c o m p i l e d  o n  b o a r d  K a i y o  m a r u  o n  i t s  r e t u r n  c r u i s e .  
T h e r e f o r e ,  t h e  c o n t e n t s  r e p o r t e d  h e r e  r e p r e s e n t  o n l y  a p a r t  
o f  t h e  d a t a  o b t a i n e d  f r o m  t h e  r e s e a r c h  a n d  i t s  r e s u l t s  a r e  
p r e l i m i n a r y .  D e s p i t e  s u c h  l i m i t a t i o n s ,  t h i s  r e p o r t  may 
p r o v i d e  a n  o v e r a l l  p i c t u r e  o f  t h e  r e s e a r c h .  

L i k e  t h e  p r e v i o u s  r e s e a r c h  o n  p o l l o c k  b y  K a i y o  m a r u  i n  
t h e  A l e u t i a n  B a s i n ,  t h e  p r e s e n t  r e s e a r c h  was c o n d u c t e d  w i t h  
t h e  p a r t i c i p a t i o n  o f  s c i e n t i s t s  o f  v a r i o u s  c o u n t r i e s  c o n
c e r n e d .  These  f o r e i g n  r e s e a r c h e r s  c o o p e r a t e d  among t h e m
s e l v e s  i n  s u c h  a c t i v i t i e s  a s  d e a l i n g  w i t h  c a t c h e s ,  b i o l o g i 
c a l  m e a s u r e m e n t  a n d  c o l l e c t i o n  o f  v a r i o u s  s a m p l e s .  They  
a l s o  c o l l a b o r a t e d  w i t h  J a p a n e s e  r e s e a r c h e r s  i n  t h e  i m p l e m e n
t a t i o n  o f  t h e  r e s e a r c h .  H i g h l y  e f f i c i e n t  r e s e a r c h  was made 
p o s s i b l e ,  h e l p e d  b y  f a v o r a b l e  w e a t h e r  c o n d i t i o n s  a n d  f l e x i 
b l e  a p p l i c a t i o n  o f  r e s e a r c h  p r o c e d u r e  t o  c h a n g i n g  s i t u a t i o n  
i n  t h e  r e s e a r c h  a r e a .  We a r e  c o n v i n c e d  t h a t  a m p l e  r e s u l t s  
w e r e  o b t a i n e d  i n  t e r m s  o f  i n t e r n a t i o n a l  c o o p e r a t i o n  a n d  d a t a  
c o l l e c t i o n ,  d e s p i t e  t h e  s h o r t  r e s e a r c h  p e r i o d .  I w i s h  t o  
e x p r e s s  o u r  s i n c e r e  a p p r e c i a t i o n  t o  C a p t a i n  T e r u o  M o r o o k a  
a n d  a l l  t h e  c r e w  o f  K a i y o  m a r u  f o r  t h e i r  w h o l e h e a r t e d  
e r a t  i o n .  

B a c k g r o u n d  a n d  O b j e c t i v e s  o f  t h e  R e -s e a r c h  

C a t c h e s  o f  p o l l o c k  i n  t h e  e n t i r e  B e r i n g  Sea h a v e  i n 
c r e a s e d  r a p i d l y  o v e r  r e c e n t  y e a r s ,  r e a c h i n g  3 , 6 4 0 , 0 0 0  t o n s  
i n  1987, b e c a u s e  new f i s h e r y  t a r g e t e d  a t  p e l a g i c  
was d e v e l o p e d  i n  t h e  i n t e r n a t i o n a l  w a t e r s  o f  t h e  B e r i n g  Sea. 
O f  t h e  t o t a l  c a t c h e s ,  t h o s e  f r o m  t h e  i n t e r n a t i o n a l  w a t e r s  o f  

B e r i n g  Sea a g g r e g a t e d  1 , 2 8 0 , 0 0 0  t o n s ,  b u t  h a r v e s t i n g  
t a r g e t e d  a t  p o l l o c k  i n  t h e  A l e u t i a n  B a s i n  i n c l u d i n g  t h e  
i n t e r n a t i o n a l  w a t e r s ,  was c o n d u c t e d ' n o t  o n l y  i n  t h e  i n t e r n a 
t i o n a l  w a t e r s  b u t  a l s o  o f f  B o g o s l o f  I s l a n d  i n  t h e  U.S. 
m i l e  zone ,  s o u t h e a s t  o f  t h e  B a s i n  a n d  t h e  K a m c h a t k a  B a s i n  i n  
t h e  U. S. S. R. 2 0 0 - m i l e  zone .  C a t c h e s  i n  t h e  w a t e r s  o f f  
B o g o s l o f  I s l a n d  i n  1987  w e r e  3 3 0 , 0 0 0  t o n s ,  a n d  i f  t h o s e  
c a u g h t  i n  t h e  K a m c h a t k a  B a s i n  a r e  i n c l u d e d ,  a t o t a l  o f  a b o u t  
2 m i l l i o n  t o n s  o f  p o l l o c k  i s  e s t i m a t e d  t o  h a v e  b e e n  t a k e n  
f r o m  t h e  B a s i n  a r e a .  

To c l a r i f y  w h e t h e r  t h e s e  t a k e n  e x t e n s i v e l y  i n  
t h e  B a s i n  a r e a  b e l o n g  t o  a s i n g l e  s t o c k  o r  w h a t  t h e  r e l a 
t i o n s  a r e  b e t w e e n  t h e  l i v i n g  i n  t h e  B a s i n  a r e a  and  
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t h o s e  l i v i n g  o n  t h e  c o n t i n e n t a l  s h e l f  h a v e  become i m p o r t a n t  
a n d  u r g e n t  i n t e r n a t i o n a l  i s s u e s  i n  o r d e r  t o  e s t a b l i s h  a 
s t r a t e g y  f o r  a r a t i o n a l  u t i l i z a t i o n  a n d  management o f  p o l 
l o c k  s t o c k  i n  t h e  w h o l e  a r e a  o f  t h e  B e r i n g  Sea. A c c o r d i n g 
l y .  J a p a n  h a s  b e e n  p o s i t i v e l y  p r o m o t i n g  r e s e a r c h  t a r g e t e d  a t  
p o l l o c k  s i n c e  1988, a n d  h a s  b e e n  e x e r t i n g  e f f o r t s  i n  c o n 
d u c t i n g  r e s e a r c h  u n d e r  i n t e r n a t i o n a l  c o o p e r a t i o n  t o  a m a x i 
mum p o s s i b l e  e x t e n t .  As p a r t  o f - t h e s e  r e s e a r c h  a c t i v i t i e s ,  
t h e  F i s h e r i e s  Agency  o f  J a p a n  i m p l e m e n t e d  t h e  S e c o n d  Re
s e a r c h  f o r  f i s c a l  1989 b y  K a i y o  m a r u  i n  J a n u a r y  a n d  F e b r u a r y  
i n  1 9 9 0  i n  i n t e r n a t i o n a l  w a t e r s  o f  Sea w i t h  t h e  
a i m  t o  c o l l e c t  b a s i c  d a t a  c o n c e r n i n g  p o l l o c k  s t o c k  i n  t h e  
s a i d  a r e a .  

U n d e r  t h e  i n i t i a l  p r o g r a m ,  a j o i n t  r e s e a r c h  p r o p o s a l  
was made t o  t h e  U. S. S. R. G o v e r n m e n t  i n  t h e  h o p e  t o  c o n d u c t  
t h e  r e s e a r c h  i n  t h e  K a m c h a t k a  B a s i n  a r e a  i n  t h e  U. S. S. R. 
w a t e r s  w h e r e  i t  was d i s c l o s e d  t h a t  h i g h - d e n s i t y  d i s t r i b u t i o n  
o f  p o l l o c k  was o b s e r v e d .  B u t ,  a s  t h i s  p r o p o s a l  was n o t  
a c c e p t e d  b y  t h e  U .S .S .R . ,  t h e  r e s e a r c h  was c o n d u c t e d  o n l y  i n  
a p a r t  o f  i n t e r n a t i o n a l  w a t e r s  o f  t h e  B e r i n g  i n  c o n s i d 
e r a t i o n  o f  t h e  l i m i t e d  l e n g t h  o f  t h e  r e s e a r c h  p e r i o d .  F rom 
t h e  i n f o r m a t i o n  o b t a i n e d  i n  r e c e n t  y e a r s ,  i t  was assumed 
t h a t  t h e r e  i s  l i t t l e  p o s s i b i l i t y  f o r  h i g h  d e n s i t y  d i s t r i b u 
t i o n  o f  p o l l o c k  s t o c k  i n  w a t e r s  o f  t h e  B e r i n g  
Sea i n  t h e  p e r i o d  o f  t h e  p r e s e n t  r e s e a r c h .  However ,  t h e  
a t t e m p t  t o  c o n d u c t  s u c h  a r e s e a r c h ,  t a k i n g  e v e r y  p o s s i b l e  
o p p o r t u n i t y ,  was deemed v e r y  s i g n i f i c a n t  i n  t h a t  i t  i m p r o v e s  
o u r  k n o w l e d g e  o n  p o l l o c k  s t o c k s  a n d  f u r t h e r  p r o m o t e  i n t e r n a 
t i o n a l  j o i n t  r e s e a r c h  a n d  s t u d i e s .  

T h i s  r e s e a r c h  was f i r s t  p r o p o s e d  b y  J a p a n  a t  t h e  
" I n t e r n a t i o n a l  C o n f e r e n c e  on C o o p e r a t i o n  i n  t h e  B e r i n g  Sea 
P o l l o c k  S t o c k "  h e l d  a t  t h e  N a t i o n a l  R e s e a r c h  I n s t i t u t e  o f  
F a r  Seas  F i s h e r i e s  i n  A u g u s t  1989.  N o t  o n l y  n a t i o n s  p a r t i c 
i p a t i n g  i n  t h e  c o n f e r e n c e  ( t h e  R e p u b l i c  o f  K o r e a  a n d  P o l a n d )  
b u t  a l s o  a l l  t h e  n a t i o n s  c o n c e r n e d  w e r e  c a l l e d  u p o n  f o r  
t a k i n g  p a r t  i n  t h e  r e s e a r c h .  As a r e s u l t ,  o n e  s c i e n t i s t  
e a c h  f r o m  t h e  R e p u b l i c  o f  K o r e a ,  P o l a n d ,  t h e  U n i t e d  S t a t e s  
a n d  t h e  U. S. S. R. p a r t i c i p a t e d  i n  t h e  r e s e a r c h .  

R e s e a r c h  V e s s e l  a n d  R e s e a r c h  E q u i p m e n t  

K a i y o  maru , a s t e r n  t r a w l - t y p e  r e s e a r c h  v e s s e l  owned b y  
t h e  F i s h e r i e s  Agency ,  was 2 , 6 4 4  t o n s ,  w i t h  t h e  t o t a l  l e n g t h  
o f  91.  8 7  m, w i d t h  o f  15 m  a n d  d e p t h  o f  9. 2 0  The v e s s e l  
was e q u i p p e d  w i t h  v a r i o u s  e q u i p m e n t  f o r  r e s e a r c h  o f  f i s h e r y  
r e s o u r c e  a n d  m a r i n e  e n v i r o n m e n t .  I n  t h e  p r e s e n t  r e s e a r c h ,  
q u a n t i t a t i v e  e c h o  s o u n d e r  s y s t e m ,  t r a w l  n e t .  CTD, 
a n d  NORPAC n e t  w e r e  m a i n l y  used .  A  q u a n t i t a t i v e  e c h o  
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e r  s y s t e m  (FQ-50) m a n u f a c t u r e d  b y  F u r u n o  E l e c t r i c  Co. was 
e q u i p p e d  w i t h  a r e c o r d e r  t o  r e c o r d  d a t a  and  a 
p r i n t e r  t o  p r i n t  i n t e g r a l  c a l c u l u s  r e s u l t s .  A  t r a n s d u c e r ,  
u s i n g  a  f r e q u e n c y  o f  was i n s t a l l e d  i n  t h e  s h i p ' s  
b o t t o m  a t  a b o u t  9 - 1 0  m f r o m  t h e  s e a  s u r f a c e .  

The K a i y o  m a r u  t r a w l  n e t ,  u s e d  i n  t h e  
p r e s e n t  r e s e a r c h ,  was t h e  same t y p e  a s  t h e  one  u s e d  i n  t h e  
t w o  p a s t  B e r i n g  Sea p o l l o c k  r e s e a r c h e s .  Mesh s i z e  was 
w i t h i n  t h e  r a n g e  o f  600 a t  t h e  o p e n i n g  o f  t h e  t r a w l  n e t  
  
a n d  75 mm a t  t h e  c o d  end,  and  t h e  l e n g t h  f r o m  t h e  m i d d l e  
  
p a r t  o f  head  r o  
e t o  c o d  end  was 78. The o t t e r  b o a r d  
  
was a b o u t  6. 0  m 
 , a n d  a e r i a l  w e i g h t  was a b o u t  1 .  8 t o n s  (one  
s i d e ) ,  w i t h  t h e  l e n g t h  o f  hand  r o p e  was 150 m. I n  t h e  
m i d d l e  o f  t h e  head r o p e  was i n s t a l l e d  a t r a n s d u c e r  t o  m o n i 
t o r  t h e  w a t e r  d e p t h  and  t h e  h e i g h t  o f  o p e n i n g  o f  t h e  t r a w l  
n e t .  The a v e r a g e  h e i g h t  o f  o p e n i n g  o f  t h e  t r a w l  n e t ,  when 
t o w e d  a t  a n  a v e r a g e  speed  o f  3. 6  k n o t s ,  was 17 m. A c c o r d i n g  
t o  t h e  r e s u l t s  o f  t h e  p r e v i o u s  r e s e a r c h ,  t h e  d i s t a n c e  be 
t w e e n  w i n g  t i p s  o f  n e t  i n  c a s e  t o w e d  a t  a speed  o f  3 k n o t s .  
was a b o u t  25 m, a l t h o u g h  t h i s  measurement  was n o t  made i n  
t h e  p r e s e n t  r e s e a r c h .  

The v e r t i c a l  d i s t r i b u t i o n  o f  t h e  w a t e r  t e m p e r a t u r e  and  
c o n d u c t i v i t y  ( s a l i n i t y )  was m e a s u r e d  b y  t h e  CTD s y s t e m  
m a n u f a c t u r e d  b y  N e a l  Brown,  a n d  t h e  t e m p e r a t u r e  o f  s u r f a c e  
w a t e r  was m e a s u r e d  w i t h  a  b u c k e t  t h e r m o m e t e r .  Z o o p l a n k t o n s  
w e r e  c o l l e c t e d  u s i n g  t h e  NORPAC n e t  
w i t h  an  a p e r t u r e  o f  45  cm. 

C r u i s e  I t i n e r a r y ,  R e s e a r c h  A r e a s  and  R e s e a r c h  P r o c e d u r e  

K a i y o  m a r u  l e f t  t h e  T o k y o  P o r t  f o r  t h e  B e r i n g  Sea on  
J a n u a r y  20, 1990, a f t e r  m a k i n g  c a l i b r a t i o n  o f  t h e  q u a n t i t a 
t i v e  echo  s o u n d e r  s y s t e m  o n  t h e  p r e v i o u s  day .  The s h i p  
s t eamed  a l o n g s i d e  t h e  K u r i l  I s l a n d s  and  a r r i v e d  i n  t h e  
B e r i n g  Sea o f f  A t t u  I s l a n d  o n  J a n u a r y  27. The v e s s e l  h o u r  
was s e t  a t  t h e  w o r l d  t i m e  12 h o u r s ,  b y  m a k i n g  3 0 - m i n u t e  
advancemen t  o f  t h e  c l o c k  e a c h  d a y  b e t w e e n  J a n u a r y  20  a n d  26. 
I n  t h e  p r e s e n t  r e s e a r c h ,  t h e  maximum p o s s i b l e  s o j o u r n  i n  t h e  
r e s e a r c h  a r e a  w e r e  e s t i m a t e d  a t  10 days ,  t h e r e f o r e  i t  was 
n o t  p o s s i b l e  t o  s u r v e y  t h e  e n t i r e  i n t e r n a t i o n a l  w a t e r s .  I t  
was d e c i d e d  f r o m  t h e  o u t s e t  t h a t  r e s e a r c h  was t o  be  c o n d u c t 
e d  i n  a p a r t  o f  t h e  i n t e r n a t i o n a l  w a t e r s .  The c r i t e r i o n  t o  
s e l e c t  r e s e a r c h  a r e a  was t h e  d i s t r i b u t i o n  o f  f i s h  s c h o o l s .  
F o r  t h i s  p u r p o s e ,  i n f o r m a t i o n  c o n c e r n i n g  t h e  o p e r a t i o n  o f  
Japanese  f i s h i n g  b o a t s  was c o l l e c t e d  f r o m  t i m e  t o  t i m e  
d u r i n g  t h e  c r u i s e .  As t h e  o p e r a t i o n  o f  Japanese  f i s h i n g  
b o a t s  c o n c e n t r a t e d  i n  t h e  s o u t h e a s t e r n  a r e a  o f  t h e  i n t e r n a 
t i o n a l  w a t e r s  i n  l a t e  J a n u a r y ,  t h a t  a r e a  was d e c i d e d  a s  t h e  
r e s e a r c h  a r e a  o n  J a n u a r y  27. A t  o n  J a n u a r y  29. K a i y o  
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m i d w a t e r  

ma ru  a r r i v e d  a t  a p o i n t  o f  5 0  3 0 ' N  a n d  1 7 6  a n d  s t a r t e d  
f i s h  s c h o o l  s e a r c h i n g  s u r v e y  b y  means o f  t h e  q u a n t i t a t i v e  
e c h o  s o u n d e r  s y s t e m .  A t  o n  t h e  same day. t h e  f i r s t  
CTD a n d  NORPAC n e t  o b s e r v a t i o n  was made a t  a p o i n t  o f  5 5  
5 6 ' N  a n d  1 7 6  The s u r v e y  was f o l l o w e d  b y  
t r a w l i n g  I n  t h e  r e s e a r c h  a r e a ,  many f i s h i n g  
b o a t s  i n c l u d i n g  t h o s e  f r o m  Japan,  t h e  R e p u b l i c  o f  Ko rea ,  
P o l a n d  a n d  t h e  U. S. S. R. w e r e  As i t  was n e c e s s a r y  
t o  t a k e  heed  n o t  t o  hamper t h e s e  o p e r a t i o n s ,  i t  was n o t  
p o s s i b l e  t o  e s t a b l i s h  t h e  f i x e d  t r a n s e c t  l i n e s  and  s u r v e y  
s t a t i o n s  f o r  t h e  r e s e a r c h  i n  advance .  F i s h  s c h o o l  s e a r c h  
s u r v e y  was c o n d u c t e d  m a i n l y  u s i n g  t h e  q u a n t i t a t i v e  
e c h o  s o u n d e r  s y s t e m ,  a n d  o c e a n o g r a p h i c  o b s e r v a t i o n  a n d  

t r a w l i n g  w e r e  c o n d u c t e d  d u r i n g  d a y t i m e .  

U n t i l  F e b r u a r y  3, i n  t h e  a r e a  be tween.  and  
a n d  a n d  o c e a n o g r a p h i c  o b s e r v a t i o n  


and  t r a w l i n g  we re  c o n d u c t e d  d u r i n g  d a y t i m e ,  and  

f i s h  s c h o o l  s e a r c h i n g  s u r v e y s  w e r e  made i n  t h e  a r e a s  b e t w e e n  

5 5  
 and  5 6  l a t i t u d i n a l l y  and  and  1 7 8  
  
l o n g i t u d i n a l l y .  As v i r t u a l l y  n o  echog rams  w e r e  o b s e r v e d  i n  
  
t h e  a r e a  s o u t h  o f  and  w e s t  o f  
  s e a r c h i n g  
was c o n d u c t e d  i n  t h e  a r e a  e a s t  o f  a t  n i g h t t i m e  on 
F e b r u a r y  3. As a r e s u l t ,  r e l a t i v e l y  c l e a r  echog rams  w e r e  
o b s e r v e d  a r o u n d  t h e  a -r ea  o f  N a n d  1 7 6 0 3 0 '  W. T h e r e 
f o r e ,  r e s e a r c h  was c o n d u c t e d  n e a r  t h i s  p o i n t  f r o m  F e b r u a r y  4 
t o  6. No f i s h i n g  b o a t s  o p e r a t e d  i n  t h i s  a r e a .  

A t  o n  F e b r u a r y  6, t h e  l a s t  t r a w l i n g  was 
c o m p l e t e d  a t  t h e  p o i n t  o f  a n d  a n d  t h e  s h i p  
s t a r t e d  t h e  r e t u r n  c r u i s e  t o  Tokyo .  K a i y o  ma ru  p r o c e e d e d  
s o u t h w a r d  t a k i n g  m o s t l y  t h e  same c o u r s e  a s  i n  t h e  c o m i n g  
c r u i s e  a n d  s a f e l y  a r r i v e d  and  a n c h o r e d  o f f  Haneda i n  t h e  
m o r n i n g  o f  F e b r u a r y  1 5  a s  i t  made a s m o o t h  c r u i s i n g  n o t  
e n c o u n t e r i n g  s t o r m y  w e a t h e r  i t  had  p r e d i c t e d .  I n  t h e  
a f t e r n o o n  o f  t h e  same day, t h e  U. S. S. R. s c i e n t i s t  who was 
p r e s s e d  i n  t h e  s c h e d u l e  f o r  r e t u r n  t r i p  t o  h i s  home c o u n t r y  
d i s e m b a r k e d  u s i n g  K a i y o  m a r u ' s  c r a f t .  A t  o n  F e b r u a r y  
16, t h e  v e s s e l  came a l o n g s i d e  t h e  H a r u m i  P i e r  o f  t h e  T o k y o  
P o r t ,  m a r k i n g  t h e  e n d  o f  t h e  r e s e a r c h  c r u i s e .  

T a b l e  shows t h e  r e s u l t s  o f  t h e  noon  o b s e r v a t i o n  
d u r i n g  t h e  c r u i s e ,  a n d  F i g .  t h e  t r a c k  l i n e  on  t h e  
b a s i s  o f  t h e  n o o n  p o s i t i o n .  

R e s e a r c h  I t e m s  a n d  M e t h o d s  

R e s e a r c h  i t e m s  a r e  l a r g e l y  d i v i d e d  i n t o  f i s h  s c h o o l  
s e a r c h  s u r v e y ,  t r a w l i n g  r e s e a r c h ,  b i o l o g i c a l  meas 
u r e m e n t  r e s e a r c h  a n d  m a r i n e  e n v i r o n m e n t  r e s e a r c h .  The f i s h  
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1 , 0 0  

s c h o o l  s e a r c h  s u r v e y  was c o n d u c t e d  u s i n g  t h e  q u a n t i t a t i v e  
e c h o  s o u n d e r  s y s t e m  m a i n l y  a t  n i g h t  w i t h  t h e  c r u i s i n g  s p e e d  
s e t  a t  8 k n o t s  p e r  h o u r .  The t r a c k  l i n e  i s  shown i n  F i g .  2. 
When c l e a r  was o b s e r v e d ,  a m o r e  d e t a i l e d  r e s e a r c h  
f o l l o w e d  i n  t h e  s u r r o u n d i -n g  a r e a  a n d  p r e p a r a t i o n s  w e r e  made 
f o r  t h e  t r a w l i n g  r e s e a r c h  o n  t h e  n e x t  m o r n i n g .  

I n  t r a w l i n g  r e s e a r c h ,  t o w i n g  was c o n d u c t e d  
  
m a i n l y  d u r i n g  d a y t i m e ,  a n d  t o w i n g  and  f i x e d  
  
h o r i z o n t a l  t o w i n g  w e r e  c o n d u c t e d  w i t h i n  t h e  d e p t h  r a n g e  o f  
  
145- 500  m a c c o r d i n g  t o  echogram.  I n  t h e  -b e g i n n i n g ,  t h r e e  
  
o n e - h o u r  w e r e  c o n d u c t e d  i n  a d a y  b u t  a s  i t  was 
 
i n e f f i c i e n t  i n  t h a t  f e w  f i s h  w e r e  c a u g h t .  T h e r e f o r e ,  f r o m  
  
t h e  t h i r d  d a y ,  t w o  w e r e  made a d a y  w i t h  t o w i n g  h o u r s  
  
s e t  a t  2 - 3  h o u r s  a t  one  T o w i n g  s p e e d  was w i t h i n  t h e  
  
r a n g e  o f  3 . 3 - 4 . 2  k n o t s ,  w i t h  t h e  a v e r a g e  s p e e d  s t a n d i n g  a t  
  
3 . 6  k n o t s .  O p e r a t i o n  r e c o r d s  a r e  shown i n  T a b l e  2  a n d  t h e  
  
t o w  p o s i t i o n s  i n  F i g .  3. Number a n d  w e i g h t  o f  c a t c h e s  w e r e  
  
r e c o r d e d  b y  s p e c i e s  o r  s p e c i e s  g r o u p s  t o  c l a r i f y  c a t c h  
  
c o m p o s i t i o n .  B u t  j e l l y f i s h  was n o t  c o u n t e d  as i n d i v i d u a l s .  
  

B i o l o g i c a l  measurement  was c o n d u c t e d  f o r  4 0  e a c h  o f  
m a l e  and  f e m a l e  f o r  e a c h  t o w i n g .  A l l  t h e  i n d i v i d u 
a l s  w e r e  m e a s u r e d  when t h e  number  o f  t h e  c a t c h  was l e s s  t h a n  . 
40, and ,  when i t  e x c e e d e d  40, t h e  s i z e  o f  t h e  s u r p l u s  c a t c h  
was m e a s u r e d  f o r  a l l  t h e  i n d i v i d u a l s  b y  s e x .  However ,  a s  
t h e  number  o f  c a t c h  i n  t h e  l a s t  t o w i n g  (ST- 21)  was l a r g e ,  
n o t  a l l  t h e  i n d i v i d u a l s  w e r e  m e a s u r e d .  The i t e m s  o f  b i o l o g 
i c a l  m e a s u r e m e n t  c o n s i s t e d  o f  f o r k  l e n g t h ,  . w e i g h t ,  s e x ,  
w e i g h t  o f  gonad  a n d  m a t u r i t y  o f  gonad.  B e s i d e s  t h e s e  i t e m s ,  
J a p a n  c o l l e c t e d  gonad  a n d  s t o m a c h  a s  s p e c i m e n s  i n  
a n d  a l s o  c o l l e c t e d  f r o z e n  p o l l o c k  s p e c i m e n s  f o r  b i o c h e m i c a l  
a n a l y s i s .  As age s p e c i f i c  d a t a ,  t h e  R e p u b l i c  o f  K o r e a ,  
P o l a n d  a n d  t h e  U n i t e d  S t a t e s  c o l l e c t e d  o t o l i t h s  a n d  t h e  
U. S. S. R. c o l l e c t e d  s c a l e s .  The R e p u b l i c  o f  K o r e a  c o n d u c t e d  
m e a s u r e m e n t  o f  m o r p h o m e t r i c s  a n d  c o l l e c t e d  s p e c i m e n s  f o r  
b i o c h e m i c a l  a n a l y s i s ,  a n d  P o l a n d  c o n d u c t e d  m e a s u r e m e n t  o f  
m o r p h o m e t r i c s  a n d  m e r i s t i c s .  O b s e r v a t i o n  o f  s t o m a c h  c o n 
t e n t s  w e r e  c o n d u c t e d  b y  t h e  U. S. S. R. 

A l t h o u g h  CTD o b s e r v a t i o n  a n d  c o l l e c t i o n  o f  z o o p l a n k t o n s  
h a d  b e e n  i n i t i a l l y  s c h e d u l e d  t o  be c o n d u c t e d  a t  e a c h  t o w  
p o i n t  o f  t r a w l i n g ,  i t  was c o n s i d e r e d  u n n e c e s s a r y  t o  
do  s o  b e c a u s e  o f  t h e  l i m i t e d  e x t e n s i o n  o f  t h e  r e s e a r c h  a r e a  
a n d  t h e  l i m i t e d  d u r a t i o n  o f  ' t h e  r e s e a r c h  p e r i o d .  F u r t h e r ,  
one  o b s e r v a t i o n  was made p e r  d a y  f r o m  t h e  s e c o n d  d a y  o n w a r d .  
F i g .  3 shows t h e  o b s e r v a t i o n  p o i n t s  a n d  T a b l e  3  shows r e c o r d  
i t e m s  a t  e a c h  o b s e r v a t i o n  p o i n t .  I n  CTD o b s e r v a t i o n ,  t h e  
w i r e  l e n g t h  was s e t  a t  m  a n d  d a t a  t o  t h e  d e p t h  o f  1 , 0 0 0  
m  w e r e  c o l l e c t e d .  I n  c o l l e c t i o n  u s i n g  NORPAC n e t ,  t h e  
l e n g t h  o f  w i r e  was s e t  a t  3 3 0  m a n d  v e r t i c a l  t o w i n g  was made 
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a t  a s p e e d  o f  1 m  p e r  s e c o n d  f r o m  t h e  d e p t h  o f  3 0 0  m. A 
w a t e r  f i l t r a t i o n  d e v i c e  was a t t a c h e d  t o  t h e  n e t  t o  m e a s u r e  
t h e  amount  o f  f i l t r a t e d  w a t e r .  The a v  r a g e  amount  o f  f i l 
t r a t e d  w a t e r  p e r  one  t o w i n g  was 56. 7 m' ( T a b l e  3) 

S c i e n t i f i c  P e r s o n n e l  

J a p a n :  	  T a k a s h i  S a s a k i ,  N a t i o n a l  R e s e a r c h  I n s t i t u t e  o f  F a r  
Seas F i s h e r i e s  

R e p u b l i c  o f  K o r e a :  Won Sook  H. Yang, Resourc 'es  D i v i s i o n ,  
N a t i o n a l  F i s h e r i e s  R e s e a r c h  D e v e l o p m e n t  A g e n c y  

P o l a n d :  	A n d r z e i  P a c i o r k o w s k i ,  N a t i o n a l - Sea F i s h e r i e s  
t u t e  

U n i t e d  S t a t e s :  D e n n i s  B e n j a m i n ,  A l a s k a  F i s h e r i e s  S c i e n c e  
C e n t e r ,  N a t i o n a l  O c e a n i c  a n d  A t m o s p h e r i c - A d m i n i s t r a  

S o v i e t  U n i o n :  N i c o l a y  S. Fadeev ,  P a c i f i c  R e s e a r c h  I n s t i t u t e  
o f  F i s h e r i e s  and  O c e a n o g r a p h y  

K a i y o  m a r u : A l l  t h e  c r e w  a s s i s t e d  i n  t h e  r e s e a r c h  a c t i v i 
t i e s ,  b u t  t h e  f o l l o w i n g  o f f i c i a l s  i n  t h e  s h i p ' s  R e s e a r c h  
S e c t i o n  c o l l a b o r a t e d  w i t h  t h e  s c i e n t i s t s  s p e c i a l l y  i n  t h e  
c o n d u c t  o f  t h e  r e s e a r c h  a n d  c o m p i l a t i o n  o f  d a t a .  

M i n e k i y o  Hasegawa 
T o s h i m a s a  Y a n a g i s a w a  
Y o s h i z o  	S u z u k i  
S e i j i  
K e i  M i y a m o t o  

Summary o f  R e s e a r c h  R e s u l t s  

The r e s e a r c h  r e s u l t s  c o m p i l e d  o n  b o a r d  t h e  s h i p  d u r i n g  
t h e  c r u i s e  a r e  s u m m a r i z e d  a s  f o l l o w s :  

1 .  The d e n s i t y  o f  p o l l o c k  i n  t h e  was 
e r e d  f a i r l y  l o w ,  j u d g i n g  f r o m  t h e  r e c o r d s  o f  a n d  SV 
v a l u e s  (mean v o l u m e  b a c k  s c a t t e r i n g  s t r e n g t h )  a s  o b s e r v e d  o n  
t h e  r e c o r d  s h e e t s  o f  t h e  q u a n t i t a t i v e  e c h o  s o u n d e r  s y s t e m .  

2. D o t  o r  m i s t  l i k e  was o b s e r v e d  o n  t h e  r e c o r d  
s h e e t  o f  t h e  q u a n t i t a t i v e  e c h o  s o u n d e r  s y s t e m  ( F i g .  4 ) .  D o t  
l i k e  a p p e a r e d  m a i n l y  i n  t h e  d e p t h  o f  1 5 0- 2 5 0  m  b o t h  
d u r i n g  d a y  a n d  n i g h t  t i m e .  M i s t  l i k e  was s e e n  i n  
t h e  d e p t h  o f  4 0 0- 5 0 0  m  d u r i n g  d a y t i m e  b u t  i n  t h e  
1 5 0- 3 0 0  a t  n i g h t ,  t h u s  i n d i c a t i n g  a c l e a r  i n  
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d e p t h  b e t w e e n  d a y  a n d  n i g h t .  A t  n i g h t ,  b o t h  d o t - a n d  m i s t  
l i k e  was s i m u l t a n e o u s l y  o b s e r v e d  i n  t h e  150- 300  m. 

3. A  t o t a l  o f  21 t r a w l i n g s  we re  c o n d u c t e d  i n  t h e  
  
d e p t h  o f  1 4 5 - 5 0 0  m on  t h e  b a s i s  o f  echogram,  a n d  2 , 3 2 0  
  

( t o t a l  w e i g h t  o f  1 ,  855. 7  kg )  w e r e  c a u g h t  ( T a b l e  4 ) .  
B e s i d e s  p o l l o c k s ,  s m o o t h  l u m p s u c k e r  ( 320  f i s h  t o t a l  w e i g h t  
o f  384. 4  k g ) ,  s q u i d  ( 144  f i s h  t o t a l  w e i g h t  o f  19. 7  k g ) ,  a n d  
j e l l y f i s h  ( t o t a l  w e i g h t  o f  8 1 . 3  kg)  w e r e  among t h e  m a i n  
  
c a t c h e s .  
  

4. I n  t h e  t o w i n g  o p e r a t i o n  a t  t h e  d e p t h  o f  400- 500  
  
l a n t e r n f i s h e s ,  P a c i f i c  v i p e r f i s h ,  n o r t h e r n  s m o o t h t o n g u e ,  
  

s m e l t s ,  d r a g o n f i s h ,  n o r t h e r n  p e a r l e y e ,  and  
v a r i o u s  s p e c i e s  o f  s q u i d  we re  c a u g h t  i n c i d e n t a l l y  ( T a b l e  
s u g g e s t i n g  t h a t  m i s t  l i k e  was t h e  DSL b y  t h e  m i d d l e  
a n d  deep l a y e r  b i o t i c  communi ty . '  

. A c c o r d i n g  t o  t h e  r e s u l t s  o f  t h e  14 t r a w l i n g  
i r e c t e d  a t  d o t  l i k e  a t  t h e  d e p t h  o f  150- 250  m  
ST-2, 5, 17, 18, 19, 20, 21) a n d  m i s t  ke a t  t h e  d e p t h  

o f  400- 500  m  (ST-7, 8, 9, 14, 15, p o l  l o c k s  w e r e  c a u g h t  a t  
b o t h  d e p t h  l a y e r s .  The a v e r a g e  CPUE (number o f  f 
was 83  f i s h  a t  t h e  d e p t h  o f  150- 250  m and  42  f i s h  a t  t h e  
d e p t h  o f  400- 500  m. The maximum CPUE was 162 f i s h  a t  t h e  
d e p t h  o f  150- 250  m 9 0  f i s h  a t  t h e  d e p t h  o f  400- 500  
m (ST-7) ( T a b l e  2 ) .  I t  i s  c o n j e c t u r e d  f r o m  t h e s e  r e s u l t s  
t h a t  t h e  150- 250  m d e p t h  l a y e r  r e p r e s e n t e d  a  h i g h e r  d i s t r i 
b u t i o n  o f  p o l l o c k  t h a n  400- 500  m d e p t h  l a y e r .  

6. A c c o r d i n g  t o  t h e  i n f o r m a t i o n  f r o m  Japanese  f i s h i n g  
v e s s e l s  o p e r a t i n g  i n  t h e  r e s e a r c h  a r e a ,  t h e  a v e r a g e  d a i l y  
c a t c h  p e r  v e s s e l  b e t w e e n  J a n u a r y  2 2  t o  F e b r u a r y  6 was i n  t h e  
r a n g e  o f  1 7 . 2  t o n s  t o  5 3 . 4  t o n s  f o r  l a r g e  v e s s e l s  a n d  9 . 0  
t o n s  t o  3 1 . 9  t o n s  f o r  s m a l l  v e s s e l s  ( F i g .  5 ) .  W i t h  t h e  

t r a w l i n g  o f  K a i y o  maru, maximum c a t c h  p e r  h o u r  was 
131. 6  kg  i n  ST-21 ( F i g .  2 ) .  T h i s  means t h a t  o n l y  3. 2  t o n s  
c a n  be c a u g h t  e v e n  i f  t h e  t r a w l i n g  n e t  i s  o p e r a t e d  f o r  t h e  
w h o l e  day.  The d i f f e r e n c e  i n  c a t c h  vo lume  f r o m  f i s h i n g  
v e s s e l s  was due t o  t h e  s u b s t a n t i a l  gap i n  t h e  f i s h i n g  t e c h 
n o l o g y  and  d i f f e r e n c e  i n  t h e  f i s h i n g  g e a r .  The 
t r a w l  n e t  n e t )  K a i y o  ma ru  u s e d  i n  t h e  p r e s e n t  r e s e a r c h  
i s  a n  o l d - f a s h i o n e d  one.  I t  was n o t  a m o d e r n i s t i c  
t r a w l  n e t ,  common ly  c a l l e d  r o p e  n e t ,  w h i c h  has  b e e n  u s e d  b y  
Japanese  f i s h i n g  b o a t s  i n  r e c e n t  y e a r s .  As t h e  r e s i s t a n c e  
o f  KMT n e t  was g r e a t .  i t  was t o w e d  a t  t h e  speed  o f  o n l y  3 . 6  
k n o t  o n  t h e  a v e r a g e .  The n e t  was s m a l l  a n d  t h e  o p e n i n g  o f  
t h e  t r a w l  n e t  s p a c e  a t  t h e  t i m e  o f  t o w i n g  was c o n s i d e r e d  t o  
be a b o u t  one f i f t h  o f  t h e  n e t  u s e d  b y  f i s h i n g  

7. The l e n g t h  c o m p o s i t i o n  o f  p o l l o c k  was w i t h i n  t h e  r a n g e  

t h e  
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o f  39  t o  60  cm i n  t e r m s  o f  f o r k  l e n g t h ,  w i t h  t h e  mode 
 
s t a n d i n g  a t  4 9 - 5 0  cm and  t h e  a v e r a g e  l e n g t h  a t  4 9 . 1  
  ( F i g .  
6 ) .  The mode o f  m a l e  was 48- 49  cm, w i t h  t h e  a v e r a g e  l e n g t h  
a t  4 8 . 2  cm, a n d  t h e  mode o f  f e m a l e  was 49- 50  cm, w i t h  t h e  
a v e r a g e  l e n g t h  o f  4 9 . 9  cm, i n d i c a t i n g  t h a t  t h e  l e n g t h  o f  
f e m a l e  was l a r g e r  t h a n  t h a t  o f  m a l e  ( F i g .  7 ) .  

C o m p a r i n g  t h e  l e n g t h  o f  p o l l o c k  c a u g h t  i n  t h e  150- 250  m 
d e p t h  l a y e r  a n d  t h o s e  c a u g h t  i n  t h e  400- 500  m  d e p t h  l a y e r ,  
t h e  mode o f  t h e  t w o  was w i t h i n  t h e  r a n g e  o f  4 9- 5 0  cm, a n d  
t h e  a v e r a g e  l e n g t h  f r o m  t h e  150- 250  m d e p t h  l a y e r  was 4 9 . 3  m 
a n d  t h e  t h a t  f r o m  t h e  400- 500  m d e p t h  l a y e r  was 4 9 . 0 ,  t h u s  
i n d i c a t i n g  l i t t l e  o r  no  d i f f e r e n c e  ( F i g . 8 ) .  However ,  t h e  
p e r c e n t a g e  o f  l a r g e  f i s h  o f  50  cm o r  more was 38% f o r  t h e  
f i s h  f r o m  t h e  150- 250  m d e p t h  l a y e r  and  28% f r o m  t h e  400- 500  
m  d e p t h  l a y e r .  

9. The a v e r a g e  w e i g h t  o f  p o l l o c k  o n  t h e  b a s i s  o f  p r e c i s i o n  
measu remen t  d a t a  was 8 1 0 . 6  g. The a v e r a g e  w e i g h t  o f  f e m a l e  
was 876. 3  g, a s  compa red  w i t h  740. 1 g f o r  ma le .  The a v e r a g e  
w e i g h t s  o f  p o l l o c k  c a u g h t  i n  t h e  150- 250  m  and  4 0 0- 5 0 0  m 
d e p t h  l a y e r s  w e r e  800. 7  and  815. 9  r e s p e c t i v e l y ,  i n d i 
c a t i n g  n e g l i g i b l e  d i f f e r e n c e .  

10. The r e l a t i o n  b e t w e e n  l e n g t h  a n d  w e i g h t  o f  p o l l o c k  was 
shown i n  F i g .  9, and  t h e  f o l l o w i n g  f o r m u l a  was assumed t o  
e x p r e s s  i t :  

BW 7. 7618  X 10 9783  
  
H e r e  BW means w e i g h t  
  a n d  FL means f o r k  l e n g t h  

The a v e r a g e  w e i g h t  o f  o v a r y  a n d  s p e r m a r y  o f  p o l l o c k  was 
85.  2  g  and  58. 5  g, r e s p e c t i v e l y ,  o c c u p y i n g  9. a n d  7. 9% o f  
t h e  body,  r e s p e c t i v e l y .  M o s t  o f  gonads  o f  b o t h  m a l e  a n d  
f e m a l e  w e r e  m a t u r e .  W h i l e  p a r t  o f  t h e  m a l e  w e r e  i n  t h e  
s t a g e  o f  s p e r m a t o z o a  d i s c h a r g e ,  f e m a l e  i n d i v i d u a l s  h a v i n g  
h y d r a t e d  o o c y t e  i n d i c a t i n g  t h e  s t a g e  o f  was o n l y  
0 . 7 %  o u t  o f  874  i n d i v i d u a l s  f o r  w h i c h  m a t u r i t y g o n a d  was 
c h e c k e d  ( F i g .  1 0 ) .  93.  7% o f  f e m a l e  p o l l o c k  had  f u l l y  m a t u r e  
o v a r y ,  w i t h  t h e  i m m a t u r e  o v a r y  s t a n d i n g  o n l y  a t  5 . 3 % .  

12. No d i f f e r e n c e  i n  c a t c h  b y  d e p t h  l a y e r  was o b s e r v e d  b y  
human e y e s  i n  t h e  p r o c e s s  o f  d e v e l o p m e n t  o f  f e m a l e  gonad.  
However ,  d i s t r i b u t i o n  o f  i n d e x e s  o b t a i n e d  t h r o u g h  d i v i d i n g  
t h e  w e i g h t  o f  gonad  b y  body  w e i g h t  showed t h a t  gonad  o f  t h e  
i n d i v i d u a l s  c a u g h t  i n  t h e  400- 500  d e p t h  l a y e r  showed more  
a d v a n c e d  d e v e l o p m e n t  s t a g e  o f  gonad  t h a n  t h o s e  c a u g h t  i n  t h e  
150- 250  m  d e p t h  l a y e r  ( F i g .  

13. The sex  r a t i o  o f  p o l l o c k  was 45% m a l e  a n d  55% f e m a l e ,  
i n d i c a t i n g  t h a t  t h e r e  w e r e  m o r e  f e m a l e s  t h a n  m a l e s .  
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w a t e r  
d i s t r i b u 

d i f f e r e n c e  i n  s e x  r a t i o  due t o  t h e  c a t c h  d e p t h  was 

14. A c c o r d i n g  t o  t h e  r e s u l t s  o f  CTD o b s e r v a t i o n ,  b o t h  
t e m p e r a t u r e  a n d  s a l i n i t y  showed a s i m i l a r  v e r t i c a l  
t i o n ,  and  c o n s p i c u o u s  t h e r m o c l i n e  w e r e  o b s e r v e d  i n  t h e  
200  m d e p t h  l a y e r  ( F i g .  1 2 ) .  P o l l o c k  was d i s t r i b u t e d  m a i n l y  
i n  w a t e r s  d e e p e r  t h a n  t h e r m o c l i n e ,  b u t  some w e r e  deemed t o  
e x i s t  i n  t h e  t h e r m o c l i n e .  I n  a r e a s  above  t h e r m o c l i n e ,  t h e  
w a t e r  t e m p e r a t u r e  was w i t h i n  t h e  r a n g e  o f  2 . 3 - 2 . 9  d e g r e e s  
c e n t i g r a d e  a n d  t h e r e  was n o  v e r t i c a l  changes .  B u t  t h e  w a t e r  
t e m p e r a t u r e  s h a r p l y  r o s e  i n  t h e  t h e r m o c l i n e ,  p e a k i n g  o u t  a t  
3 . 4 - 3 . 7  d e g r e e s  c e n t i g r a d e  i n  t h e  250- 300  m d e p t h  l a y e r ,  and  
s u b s e q u e n t l y  g r a d u a l l y  d e c l i n i n g  a c c o r d i n g  t o  d e p t h .  r e a c h 
i n g  2 . 7  d e g r e e s  c e n t i g r a d e  a t  t h e  d e p t h  o f  1 , 0 0 0  m. The 
v e r t i c a l  d i s t r i b u t i o n  o f  w a t e r  t e m p e r a t u r e  a n d  s a l i n i t y  a t  
t h e  l a s t  o b s e r v a t i o n  p o i n t  (ST-20) showed u n c l e a r  t h e r m o
c l i n e ,  u n l i k e  t h o s e  o b s e r v e d  p r e v i o u s l y  ( F i g .  1 2 ) .  I n  o t h e r  
wo rds ,  b o t h  w a t e r  t e m p e r a t u r e  and  s a l i n i t y  g r a d u a l l y  i n 
c r e a s e d  f r o m  s u r f a c e  l a y e r  t o  200 m d e p t h  l a y e r ,  s u g g e s t i n g  
t h a t  t h e r e  was e i t h e r  m i x t u r e  o f  s e a  w a t e r  b e c a u s e  o f  v e r t i 
c a l  m i x i n g  o f  w a t e r  t h e r m o c l i n e  above  a n d  b e l o w  o r  p a r t i a l  
f l o w  d i f f e r e n t  w a t e r  mass i n t o  t h e  a r e a  o f  s e a  d e p t h  a b o v e  
t h e r m o c l  i n e .  

15. I n  a r e a s  a b o v e  t h e r m o c l i n e ,  s a l i n i t y  s t a y e d  w i t h i n  t h e  
r a n g e  o f  33. 04- 33 .  t h e n  s u d d e n l y  r o s e  t o  33. 50 
o r  h i g h e r ,  a n d  l a t e r  r o s e  i n  pace  w i t h  t h e  w a t e r  d e p t h  , 
r e a c h i n g  34. 3 2- 34. 35  a t  t h e  d e p t h  o f  1 ,  0 0 0  m ( F i g .  
12) . 

16. I n  a d d i t i o n  t o  w h a t  was r e p o r t e d  i n  t h e  f o r e g o i n g ,  
r e s e a r c h  i n s t i t u t i o n s  o f  v a r i o u s  c o u n t r i e s  p a r t i c i p a t i n g  i n  
t h e  p r e s e n t  r e s e a r c h  a r e  e x p e c t e d  t o  c o n d u c t  r e s e a r c h  o n  age 
c o m p o s i t i o n ,  f e e d i n g  h a b i t ,  s t u d i e s  on  h i s t o l o g y  o f  gonad  
and  r n o r p h o m e t r i c s  a n d  m e r i s t i c s  a s  w e l l  a s  b i o c h e m i c a l  
s t u d i e s  c o n c e r n i n g  p o l l o c k  o n  t h e  b a s i s  o f  s p e c i m e n s  c o l 
l e c t e d  i n  t h e  p r e s e n t  r e s e a r c h .  
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Table 2. Continued. 

Station No. ST-09 3- 10 ST-1 1 ST-13 ST-14 ST-15 ST-16 

Date Feb. 01 Feb. 01 Feb. 02 Fcb. 02 Feb. 02 Fcb. 03 Feb. 03 Feb. 04 
S t a r t  time of tow 08: 35 13: 06 15 40 

of tow 17:50 17:00 12: 00 
S ta r t  position Lat. 56' -12.4 N 56" -08.0 -11.1 56' -14.0 56' -14.2 N 55" 

of tow Long. 177' -38.1 W 177' -34.9 W 177' -47.1 W -26.1 W 177' -18.1 W 177' -28.6-W 
End position Lat. -08.4 -14.1-N 56' -15.1 N 56' -16.0 -18.0 55' -38.2 

of tow Long. 177' -50.7 W 177' -55.7 W 177' -32.7 W 177' 177' -16.9-W 176" 
Towing hours 02-00 03-00 02-25 0 1-00 02-20 034 5 02-20 
Towing speed 4.1 4.1 3.6 3.6 3.5 3 4.1 
Towing distance 8.2 12.3 8.7 3.6 8.2 13.5 9. t i  
Towing depth range 360-460 445-500 4 10-440 

of net opening 16-18 15-18 17-10 15-18 17-19 16-17 
Type of echogram' A C C A C C C 
Range of 350-450 4 50 420-460 200-300 400-500 
Pol lock catch (number) 85 116 56 4 72 66 0 
Pollock catch (kg) 72.9 85.5 43.3 3.2 4.3 58.9 52.3 
Pol lock CPUE 43 39 23 5 10 
Pol lock CPUE 36.5 28.5 17.9 4.3 25.2 20. 
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Table 2. Continued. 

S t a t i o n  No. ST-17 ST-18 ST-19 ST-20 ST-21 

S t a r t  t ime of tow 
End time of tow 17: 00 12: 00 17: 00 
S t a r t  pos i t ion  -44.6 ' N  55" -38.9 ' N 55' 55" -43.3 N -39.0 N 

of tow Long. -41.4 ' W 176' -53.2 W -32.1 W 176" -42.2 W -25.6 W 
E n d p o s i t i o n  -38.2 N -42.6 - 43.1 N -38.6 ' N 55" -38.9 N 

of tow Long. 176' -30.0 -36.6 W 176' -36.6 W -25.2 W -52.1 W 
Towing hours 02-10 02-3 0 02-07 02-35 04-05 
Towing speed 4 .2  3 . 8  3.6 4 .1  3 .7  
Towing d i s tance  9 .5  7.6 10.6 15.1  
Towing depth range 180-225 200-250 

of n e t  opening 15-16 17-18 16-18 16-18 15-18 
Type of B B D B B 
Range of 120-250 200 100-250 150-220 
Pollock catch (number) 254 204 98 160 663 
Pollock catch (kg) 180.2 161.2 79.7 120.7 537.4 
Pol lock CPUE 117 46 62 162 
Pol lock CPUE 64.5  37.7 49.8  131.6 

Date Feb. Feb. 05 Feb. 05 Fcb. Feb. 

9 .1  

1 Abbreviation of echogram: 
A : Scat tered d o t  l i k e  
B : Dot l i k e  
C : Weak l i k e  
D : No 

2 Unsuccessful tow because t h e  tow was discontinued j u s t  a f t e r  s t a r t  of tow due t o  engine t rouble .  
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Table 3.  Records of oceanographic observations by Kaiyo maru in the international waters of the Sea from January 29 to of 

Station Number ST-01 ST-02 ST-03 ST-05 ST-08 ST-10 ST-1 1 ST-14 

Date Jan. 29 Jan. 29 Jan. 29 Jan. 30 3 1  
Time 12: 05-13:05 
Position Lat. -56.3 N -13.7 56' -25.3 N -14.6 N 56' -05.1 N - 17.8 N 

Long. 176" -29.9 W 176' -41.3 W 176' -43.6 - 22.5-W 
Bottom depth 

W 176' -58.8 W -25.1 W 
3,710 3 ,728  3,730 3 ,762 

Weather C C C 0 bc 
Wind direction ENE SW W SW WNW 
Wind force 4 4 3 7 3 
Air pressure 975.5 974.5 977.0 997.2 995.0 
Sea condition 4 4 3 6 3 4 
Air temperature 3 .0  1.8 2.6 0 .5  0.4 -1.4 
Sea surface temp. 2.9 2 .7  2.6 2 .6  2.6 
CTD 0-1,090 0-1,090 0- 1,091 0-1,092 0- 1,091 
NORPAC (fil tered vol. 50.64 52.82 Not recorded 63.25 51.44 
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midwater maru 

ST-0 
~ ( k g )  W(kg) N W(kg) W(kg) W(kg) W(kg) W(kg) W(kg) 

cod 

Rougheye 
w 
w 

Deepsea 

pearleye 

Manef 
Sq~r 

Table 4 .  Catch records of trawl operations by Kaiyo in the international waters of the Bering Sea from January 29 t o  
February 6 of 1990. 

Specieslor 1 ST-02 ST-03 ST-04 ST-05 ST-06 ST-07 ST-08 
species group N N N N N N N 

Walleye pollock 
Pacific 
Smooth lumpsucker 

rockfish 
Pacific lamprey 
Snipe eels  

smelts 
Northern smooth tongue 
Winged spookf ish 
Longf in dragonf ish 
Pacific viperfish 
Northern 
Lanternf ishes 
Dreamers 

ish 
ids 

Jel lyf ishes 

T o t a l  



lor 

Rougheye 

Deepsea 

pearleye 

Table 4. Continued. 

ST-09 ST-10 ST-1 1 ST-12 ST-13 ST-14 ST-15 ST-1 6 
species group 
Species 

Walleye pollock 
Pacific cod 
Smooth lumpsucker 

rockfish 
Pacific lamprey 
Snipe ee ls  

smelts 
Northern smoothtongue 
Winged spookf ish 
Longf in dragonf ish 
Pacif ic  viperfish 
Northern 
Lanternfishes 
Dreamers 
Manef ish 
Squids 
Jel lyf ishes 

T o t a l  117 113.43 



N W(kg> W(kg> W(k> W(k) W(kg) W (kg) 

Rougheye 

w 
ul 

Deepsea 

pearleye 

226.50 
- - pp 

comlnon r e f e r d  

Table 4 .  Continued. 

Species'or ST-17 ST-18 ST-19 ST-20 ST-21 Total 
species group N N N N N 

. 	 Walleye pollock 
Pacific ccd 
Smooth lumpsucker 

rockfish 
Pacific lamprey 
Snipe ee ls  

smelts 
Northern smoothtongue 
Winged spookf ish 
Longf in dragonf ish 
Pacific viperfish 
Northern 
Lanternfishes 
Dreamers 
Manef ish 
Squids 
Jel lyf ishes 

T o t a l  308 

1 English name to Hart (1973): Pacific fishes of Canada. 
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Table 5. Continued. 

Size  c l a s s  ST-17 ST- 18 ST- 19 ST-20 3 - 2  1 Total  
(cm) 3 P T 3 %  T 3 P T 3 P T 3 P T C? $ T o t a l  

Total 100 135 243 93 109 202 36 62 98 59 99 158 196 212 408 930 1,117 2,047 



NORTH P A C I F I C  OCEAN 

F i g u r e  1. Track and noon p o s i t i o n s  o f  a c r u i s e  by Kaiyo maru f o r  t h e  p e l a g i c  p o l l o c k  
su rvey  i n  t h e  i n t e r n a t i o n a l  w a t e r s  o f  t h e  Ber ing  Sea  from Janua ry  20 t o  
February  16 o f  1990. 



Figure 2. Track line for searching pelagic pollock school by Kaiyo maru 
using quantitative echo sounder system in the international 
waters of the Bering Sea from January 29 to February 6 of 1990. 

Figure 3. Track line of midwater trawl operations for pelagic pollock 
and oceanographic stations conducted by Kaiyo maru in the 
international waters of the Bering Sea from January 29 to 
February 6 of 1990. 



F i g u r e  4. Echogram f r o m  q u a n t i t a t i v e  e c h o  s o u n d e r  o b t a i n e d  i n  t h e  p e l a g i c  p o l l o c k  
s u r v e y  b y  Kaiyo  maru i n  t h e  i n t e r n a t i o n a l  w a t e r s  o f  t h e  B e r i n g  S e a  f r o m  
J a n u a r y  29 t o  F e b r u a r y  6 o f  1990. T h e  u p p e r  f i g u r e  shows a weak m i s t  
l i k e  echogram o b s e r v e d  i n  a 400-500 m d e p t h  l a y e r  a t  ST-8 amd t h e  l o w e r  
f i g u r e  shows a d o t  l i k e  e c h o g r a m  o b s e r v e d  i n  a 150-250 m d e p t h  l a y e r  a t  
a t  ST-20. 
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80 1 A Large vessels ( l a rge r  than 350 GRT) 
A Small vessels (smaller  than 350 GRT) 

January February 

D a t e  

F i g u r e  5. Average c a t c h  o f  p o l l o c k  ( t o n / d a y / v e s s e l )  b y  J a p a n e s e  t r a w l  v e s s e l s  
o p e r a t e d  i n  t h e  i n t e r n a t i o n a l  w a t e r s  o f  t h e  B e r i n g  Sea  from J a n u a r y  
22  t o  Feb rua ry  6 i n  1990. 



N : 2,047 

: 49.1  crn 

Fork l e n g t h  (crn) 

Figure 6. Size composition of pelagic pollock caught in midwater trawl survey 
by Kaiyo maru in the international waters of the Bering Sea from 
January 29 to February 6 in 1990. 



Male N :  930 
- 

Female N : 1,117 - 
X : 49 .9  crn 

Fork l eng th  (cm) 

F i g u r e  7 .  S i z e  compos i t i on  o f  p e l a g i c  p o l l o c k  by s e x  c a u g h t  i n  midwater  t r a w l  
s u r v e y  by Kaiyo maru i n  t h e  i n t e r n a t i o n a l  w a t e r s  of  t h e  B e r i n g  Sea  
from J a n u a r y  29 t o  Feb rua ry  6 i n  1990. 



Shallow (150-250 m) 

N : 1,223 - 
X : 49.3 cm 

Deep (400-500 m) 

N : 622 - 
X : 49.0 cm 

Fork l eng th  (cm) 

Figure  8. S i z e  composition of p e l a g i c  p o l l o c k  by depth l a y e r  caught  i n  midwater 
t r a w l  survey  by Kaiyo maru i n  t h e  i n t e r n a t i o n a l  waters  of  t h e  Bering 
Sea from January 29 t o  February 6 i n  1990. 
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Figure 12. Ve r t i ca l  c r o s s  s ec t i on  of water temperature and s a l i n i t y  
from CTD observat ions by Kaiyo maru a t  ST-5 and ST-20 i n  
t he  i n t e r n a t i o n a l  waters of t h e  Bering Sea i n  January 30 
and February 6 of 1990, respec t ive ly .  




